Correlation of central field index (10-2 visual field analysis) and activity limitation with increasing severity of glaucoma using glaucoma activity limitation-9 questionnaire
With increasing life expectancy across the globe, chronic eye diseases are becoming increasingly important. Glaucoma is the third largest cause of visual impairment and second largest cause of blindness worldwide. [1] Glaucoma is often asymptomatic. Nevertheless, the diagnosis, which requires lifelong follow-up and frequent ocular antihypertensive medication or surgery, can have a huge impact on a patient's life. [2] Hence, a comprehensive assessment of the impact of the disease on patients, from their perspective is important. This is done using questionnaires known as patient-reported outcomes (PROs). Gutierrez et al. found a steady linear decline between visual field loss and health-related quality of life (QOL) in glaucoma patients using the national eye institute visual function questionnaire (NEI-VFQ). [3] Studies have found glaucoma to be associated with slower walking, [4] falling, [5] and avoidance of difficult driving situations. [6] Work based on hypothetical scenarios presented to glaucoma patients to assess which activities are most important showed greatest importance to tasks involving central and near vision (i.e., reading), with high scores also given to mobility outside the home (i.e., driving and walking outside). [7, 8] In advanced stages, glaucoma affects the central visual field. The 24-2 and 30-2 programs have limited ability to detect visual field abnormalities in the macular region, [9] which despite corresponding to only 10° of the human visual field, is responsible for up to 60% of the area of the visual cortex and hence has significant importance for vision-related QOL. [10, 11] For this reason, a 10-2 program of Humphrey field analyzer (HFA) is often used, which is more sensitive and specific for central field abnormalities and progression than 24-2 test. [12] de Moraes et al. proposed a new index, central field index (CFI) for 10-2 program, [13] on lines similar to visual field index (VFI), [14] to summarize information from 10-2 tests as a single global parameter. They established it as a robust global index to monitor glaucomatous change when the central field is affected or threatened. CFI is represented as a percentage scale ranging from 0% to 100%. Its calculation is based on the 10-2 pattern deviation probability plots, which allows better discrimination between glaucomatous visual field defects and those that result from media opacity, particularly cataract. They also proved that CFI provides a meaningful and more accurate representation of the extent and rate of visual field progression in the central field than any other currently used parameter of visual field severity assessment and progression including the VFI.
The glaucoma activity limitation-9 (GAL-9) questionnaire, a glaucoma specific questionnaire, was devised by reengineering the glaucoma QOL-15 questionnaire and was shown to have superior psychometric properties, including unidimensionality and good measurement precision, with the added advantage of low respondent burden. [15] The GAL-9 is the only PRO designed for use in glaucoma patients to have satisfactory psychometric properties. [16] The purpose of our study was to investigate the relationship between vision-related QOL, as measured by the GAL-9 questionnaire, and the CFI in patients with advanced glaucoma.
Methods
In this study, we included fifty patients with either known or newly diagnosed glaucoma with advanced disease involving central 10° of visual field in 30-2 test, in at least one eye. These patients attended a tertiary eye care hospital in South India, between September 2016 and May 2017. Only those subjects above 18 years of age, with the ability to communicate, were included in the study. [17, 18] Patients with significant lens opacity or ocular conditions that could affect visual field results, inability to communicate, ambulatory limitations, Mini-Mental State Examination (MMSE) score ≤17 (severe cognitive impairment), and nonreliable visual field test were excluded from the study. Detailed information of the study objectives and methods was provided to all eligible subjects, and those who agreed to participate signed an informed consent form in accordance with the principles embodied in the Declaration of Helsinki. The study protocol was approved by the Institutional Ethics Committee.
All subjects underwent a complete ophthalmic examination that included best-corrected visual acuity testing, intraocular pressure, gonioscopy, and dilated fundus examination with stereoscopic biomicroscopy of the optic nerve head.
Glaucomatous optic neuropathy was defined based on slit-lamp biomicroscopic evaluation with +78D lens by glaucoma specialists using the following criteria: focal or diffuse neuroretinal rim thinning, focal or diffuse RNFL loss, or an inter-eye vertical cup-to-disc ratio asymmetry of >0.2 not explained by differences in disc size. Visual field test using (HFA, Carl Zeiss Meditec, Dublin, CA) was done for such patients and was determined to be abnormal based on Anderson's criteria. Reliability indices were defined by us as follows: false-positive rates of 25% or more and false-negative rates and fixation losses of 33% or more. The patients with at least one point depressed below P < 0.05 in the 16 central points in 30-2 HFA were assessed for CFI calculation in 10-2 test using SITA-standard strategy. The CFI was calculated for each field as described by de Moraes et al. [13] using a calculator designed by us on MS Excel, based on the principles of calculating VFI described by Bengtsson and Heijl. [14] Test locations on the 10-2 pattern deviation probability plot at P < 0.05 were deemed abnormal and the remainder normal. Normal test locations automatically were given a score of 100%. For abnormal locations, the following equation was used to calculate the age-corrected sensitivity remaining at that location as a percentage of the expected age-corrected normal sensitivity. 100-([|total deviation|/age corrected normal threshold] ×100); where | total deviation | corresponds to the absolute value of the total deviation from normal age-corrected sensitivity of the corresponding location on the total deviation plot and the age-corrected normal threshold represents the expected value of the normal age-corrected sensitivity (based on the normative database). The pattern deviation probability plot becomes less useful in cases of severe and diffuse loss of sensitivity where even the 85 th percentile most sensitive point is severely depressed, in eyes with a mean deviation (MD) worse than −20 dB. In such cases, the definition of normal and abnormal test locations become based on the total deviation probability plots instead of the pattern deviation probability plots. A weighting procedure as described by de Moraes et al. was performed. [13] The 10-2 printout was divided into three concentric rings and the central-most ring (2 degrees of eccentricity) was given a weight of 8.0, the second ring, a weight of 2.5, and the outermost ring, a weight of 2.0. Finally, the weighted averages of the CFI value of all 68 test locations of the 10-2 visual field printout were calculated for each individual visual field examination to obtain a global index ranging from 0% (central blindness) to 100% (normal central vision).
The patients were interviewed by the principal investigator and asked to score the level of difficulty they have in the various tasks of the GAL-9 questionnaire. To make sure that the cognitive function of the patients does not interfere with the responses to the GAL-9 questionnaire, patients' cognition was assessed using the Mini-Mental State Examination, and patients with severe cognitive impairment (MMSE score ≤17) were excluded from the study. The composite score as well as the subscores were noted for each patient. The visual acuity of both eyes and visual field data of central 10-2 field test were also recorded.
Glaucoma activity limitation-9 questionnaire
It has nine specific activities of daily living, namely, walking after dark, seeing at night, walking on uneven ground, adjusting to dim lights, going from light to dark room and vice versa, seeing objects coming from the side, walking on steps/stairs, judging distance of foot to step/curb, and finding dropped objects. Each has to be scored depending on the level of difficulty faced from 1 to 5 (1 being "no difficulty" and 5 being "severe difficulty"), with the refractive correction on.
Mini-Mental State Examination
The MMSE is a tool developed by Folstein et al. that can be used to systematically and thoroughly assess mental status. [17] It is an 11-question measure that tests five areas of cognitive function: orientation, registration, attention and calculation, recall, and language. The maximum score is 30. A score of 23 or lower is indicative of cognitive impairment and 17 or lower of severe cognitive impairment. The MMSE takes only 5-10 min to administer and is therefore practical to use routinely. [18] Statistical analysis Pearson and Spearman correlation tests were done to assess the relationship of CFI with GAL-9 score and subscores, visual acuity, and other 10-2 HFA parameters. MS Excel was used for preparing graphs and SPSS software (version 23.0; IBM, New York, USA) was used for statistical analyses.
Results
The clinical characteristics of the study participants are shown in Table 1 . The mean age of the patients was 63.54 years (range: 22-81 years) with 32 males and 18 female patients. Mean logMAR visual acuity in better eye was 0.11 ± 0.13 (range: 0-0.6) and in worse eye 0.23 ± 0.25 (range: 0-0.54). The mean composite GAL-9 score for difficulty in various tasks was 18.68 (range: 9-36) with least difficulty score for "judging distance of foot to step/curb" and "finding dropped objects" and maximum difficulty score for "walking on uneven ground" and "seeing objects coming from the side."
The mean CFI was 78.82 ± 25.72% (range: 19% to 100%) in the better eyes and 40.46 ± 25.44% (range: 4% to 90%) in the worse eyes. The average of mean CFI of both eyes was 59.64 ± 21.60%. The mean MD of the central 10-2 fields in better eyes was −8.73 ± 8.49 dB (range: −0.86 dB to −29.5 dB) and pattern standard deviation (PSD) 5.92 ± 5.15 dB. In the worse eyes, the mean MD was −21.48 ± 8.05 dB (range: −3.72 dB to −32.85 dB) and PSD was 9.49 ± 3.17 dB.
GAL-9 score correlated most closely (negatively) with mean CFI of both eyes, followed by CFI of better eye and visual acuity of better eye [ Tables 2 and 3 ]. Among the subscores, visual acuity of better eye had closest negative correlation with "walking after dark" (−0.572, CI: −0.752 to-0.386, P < 0.0001) and "seeing at night" (−0.557, CI: −0.711 to − 0.307, P < 0.0001); least correlation with "adjusting to dim lights" (−0.084, CI: −0.3541-0.1990, P = 0.562); and "walking on steps/stairs" (−0.102, CI: −0.434-0.106, P = 0.482). Visual acuity of worse eye did not correlate well with either composite GAL-9 score or any of the subscores except "judging distance of foot to step/curb."
Among the 10-2 HFA parameters, difficulty for "finding dropped objects" correlated most closely with all three parameters of better eye, namely, MD (−0.634, P < 0.0001), PSD (0.574, P < 0.0001), and CFI (−0.544, P < 0.0001). "Seeing at night," "walking after dark," and "walking on uneven ground" also showed moderate correlation with all the three 10-2 HFA parameters as seen in Tables 3 and 4 . "Adjusting to dim lights" had weakest correlation with CFI and other 10-2 HFA parameters. Fig. 1 shows a decrease in GAL-9 difficulty score with higher CFI in better eye as well as worse eye, with the better eye score showing a more uniform decline than the worse eye. Patients with higher CFI, especially in worse eye, showed least GAL-9 difficulty score. It was also noted that Composite GAL-9 score decreased significantly when CFI of better eye was <60%, when compared to CFI of better eye being >60% (P = 0.003 using independent samples t-test).
Discussion
Our study involved a newly devised index of the HFA central 10-2 -the CFI. The purpose was to analyze how QOL is affected in patients with advanced glaucoma and to try to find the correlation between the remaining central field of vision and the QOL to better understand what difficulties such patients actually face in daily activities. This could help us take better supportive care of patients with advanced glaucoma and plan more specific rehabilitative treatment.
The mean CFI in the better eye of the patients was nearly double that of the worse eye. The MD in the worse eye was reduced compared to the better eye, indicating advanced glaucomatous damage affecting the central 10° field of one eye more than the other. The mean composite GAL-9 difficulty score was 18.68 out of 45 which meant that despite having advanced glaucoma in at least one eye, the patients perceived only "little difficulty" in their daily activities. This indicates that the patients depended more on the better eye for day-to-day activities. Walking on uneven ground and seeing objects coming from sides were found to be the most difficult tasks in our study group. Activities with least difficulty were judging distance of foot to step and finding dropped objects. We saw that the patients had well maintained visual acuity despite advanced glaucoma in one or both eyes. GAL-9 score had a moderate negative correlation with visual acuity of the better eye, compared to a weak correlation with the worse eye visual acuity. Among the individual tasks also, the better eye visual acuity correlated more than the worse eye; strongly for "walking after dark" and "seeing at night." GAL-9 score correlated more with the CFI of the better eye than the worse eye. Tasks such as "finding dropped objects" and "walking on uneven ground" correlated strongly with CFI of better eye. "Adjusting to dim lights," "seeing objects coming from sides," and "judging distance of foot to step" showed no correlation with CFI. Tasks more strongly correlating to CFI may be more dependent on central visual field. Tasks that did not show a significant correlation to CFI may be more dependent on peripheral field of vision. CFI showed a stronger correlation to GAL-9 score than MD and PSD which may be due to the fact that CFI is a more specific glaucoma index than others. [13] On grouping the patients based on CFI as shown in Fig. 1 , we found a gradual decrease in the GAL scores with increasing CFI, or in other words, the difficulty in performing daily activities increased as the central field diminished. This relationship was more uniform for the better eye CFI and the average of both eyes' CFI than the worse eye CFI. GAL-9 or daily activities are determined by the status of both the eyes. If one eye performs better than the other, the ease of daily activities tends to depend on that eye, as seen in the results of our study. This also explains why the average CFI of the two eyes combined showed similar correlation with GAL-9 composite and subscores as the better eye alone. As a routine, binocular fields such as Esterman's are not tested for glaucoma patients and there is no software yet in the HFA to calculate binocular field from routinely tested monocular programs. [19] This limitation may be partially overcome by calculating the combined CFI of both eyes to get an estimate of the binocular field.
From these findings, it is clear that, the better eye had more influence on the QOL of patients of advanced glaucoma than the worse eye. Even with severe reduction in central visual field in one eye, patients can manage to do most of their daily activities with little difficulty. Previous studies have also evaluated QOL in glaucoma patients using the various questionnaires and their relationship with visual function of patients. [3, [20] [21] [22] Wandell et al. concluded that health-related QOL in glaucoma patients in general is good, especially when vision is intact. [20] Choudhury et al. also showed that participants with any central VF loss had lower NEI-VFQ-25 scores than those with unilateral or bilateral peripheral VF loss. [23] In our study also, even though the field defects encroached on the central 10°, the overall GAL difficulty score was low, for which the good visual acuity might be responsible.
Studies have shown that the better functioning eye has a stronger relation with QOL than the worse eye. [20, 21] Our study is in agreement with this as CFI and visual acuity of the better eye, both showed a stronger correlation with GAL-9 score than the worse eye. Hirooka et al. in contrast reported that the worse eye had a slightly closer relationship with QOL than better eye. [24] Among CFI and visual acuity, CFI showed a stronger relationship with GAL-9 score. CFI was devised on principles of VFI and thus is more specific for glaucomatous field defects than MD in 10-2 visual field analysis. [13] In our study, CFI of better eye showed a stronger correlation to GAL-9 score than MD. This shows that CFI predicts the QOL in glaucoma patients in terms of day-to-day activity limitation better than MD on a 10-2 HFA.
Our study had certain limitations. GAL-9 questionnaire being a subjective measure may not be truly reflective of the QOL experienced by the patients. It may be influenced by the individual perception of patients about themselves and the disease, as well as by the mode of administration of the questionnaire (self or interviewer-administered). Another limitation was that patients with different types of glaucomas were included in our study such as primary open angle glaucoma, normal tension glaucoma, primary angle closure glaucoma, and secondary glaucomas. The various types of glaucomas may affect the visual field differently and thus have different effects on patients' QOL. In future studies, it would be interesting to evaluate the relationship of VFI along with CFI when studying the QOL in glaucoma patients.
Conclusion
We can say that the CFI has a significant relationship with the limitation of daily activities due to glaucoma. In patients with advanced glaucoma where central 10° of the field is involved, the CFI can be a good predictor of the glaucoma-related deterioration in QOL. At CFI <60% in better eye, the difficulty in performing daily activities may significantly increase. Patients can manage their day-to-day activities reasonably well even when one eye is severely affected if the other eye has good central vision. The aim of glaucoma treatment is to preserve the QOL of patients and CFI can help us understand and monitor this during treatment. (4) 13.89 (9) Note that the minimum score in GAL-9 questionnaire (best score) is 9. CFI: Central Field Index, GAL: Glaucoma activity limitation 
